Conclusions: The odds of discontinuation were less for FTY than DMF, and were driven by AEs for both drugs.
Introduction
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system characterized by demyelination and axonal damage resulting in one of the leading causes of disability among young adults. 1 With numerous disease-modifying therapies (DMTs) now on the market varying in efficacy and side effects, patients and providers face a substantial challenge when considering between various agents to find the most appropriate treatment. Establishing consistent long-term treatment with an efficacious DMT has been associated with decreased risk of relapse, disease progression, and higher patient satisfaction. 2, 3 Adverse events (AEs) including tolerability issues reduce adherence and promote early discontinuation of DMTs, ultimately effecting affecting disease outcomes, as described extensively with interferon b (IFNb) and glatiramer acetate (GA). 36 The dramatic increase in available treatment options has included the introduction of oral DMTs such as fingolimod (FTY) and dimethyl fumarate (DMF). FTY (0.5 mg orally once daily), a sphingosine-1 receptor modulator, was the first oral DMT approved for the treatment of relapsingremitting MS (RRMS) by the United States Food and Drug Administration (FDA) in 2010, followed by the approval of DMF (240 mg orally twice daily) in 2013. 79 FTY and DMF have similar efficacy measures compared to placebo in clinical trials. Four separate phase 3 trials demonstrated reductions in the annualized relapse rate (ARR) of 48%54% for FTY and 44%53% for DMF, compared to placebo. 912 FTY and DMF have also shown superior efficacy when compared to injectable DMTs. 1315 FTY reduced ARR by 52% vs intramuscular IFNb-1a while DMF reduced the number of new and enlarging T2 lesions compared to GA. 8, 9 While efficacy is similar, the tolerability profiles for FTY and DMF have notable differences. FTY has been associated most commonly with nasopharyngitis, headaches, fatigue, and diarrhea. 8, 16 In addition, FTY requires eye examinations because of associations with macular edema, and a six-hour monitoring period after receiving the first dose because of risk of rare cardiovascular AEs during treatment initiation. 8, 17 However, evidence suggests greater adherence to FTY compared to IFNs possibly due to an improved tolerability profile and oral route of administration. 18 The tolerability profile of DMF has proved to be more challenging because of flushing and gastrointestinal (GI)-related issues. Common AEs associated with DMF include flushing, nausea, diarrhea, and vomiting, which are worst in the first weeks of treatment. 9, 11 There are currently limited comparative efficacy data for FTY and DMF in the real-world clinical setting over an extended time-period. 19, 20 We compared efficacy measures and discontinuation rates, including reasons for discontinuation, during the first two years of treatment with FTY and DMF at a large academic center, with inclusion of pediatric patients under the age of 18 and patients over the age of 55.
Materials and methods

Patient population
Patients who completed enrollment forms and initiated the approval process through their insurance companies for FTY or DMF in the Rocky Mountain Multiple Sclerosis Center at the University of Colorado (RMMSC at CU) were identified as potential study participants. Patients were eligible for inclusion in this study if they were diagnosed with any form of MS and began taking FTY or DMF prior to October 2013.
Study design
All data were collected through retrospective chart reviews of patient medical records. The index date was defined as the date of first drug administration. For each participant included in this study, the index date was identified and all RMMSC at CU encounters were reviewed for up to 24 months after index date. Clinician-reported data were collected from these encounters by BV and included relapse history, magnetic resonance imaging (MRI) outcomes, medications, AEs, MS disease history, and patient characteristics. Quality checks were completed for outliers to confirm accuracy and consistency of data collection.
Outcomes
The primary outcome was discontinuation of FTY or DMF, defined as no longer taking study drug at 24 months after index date and/or starting any other DMT for the treatment of MS during the 24-month follow-up period after the index date. It was noted that some patients withheld taking medication for a period of time, for example, to alleviate AEs or because of travel, without being considered a discontinuation if the patient reinitiated the medication without interruption by any other MS DMT.
Secondary outcomes assessed included (1) reasons for discontinuation, classified as disease activity, AEs, issues with insurance coverage, loss to follow-up or any other reason, (2) clinical relapse activity, (3) MRI activity consisting of contrast-enhancing lesions and new T2 lesions, and (4) a composite efficacy measure combining clinical relapse and MRI activity. Discontinuing due to disease activity, for the purpose of this study, was defined as one or any combination of clinical relapse activity, MRI activity or progression of disability observed in progressive forms of MS leading to discontinuation as noted in the clinical notes. The composite efficacy measure was defined as clinical relapse, contrast-enhancing lesions and/or new T2 lesion. Clinical relapses for the purpose of this study were defined as clinician reported per patient chart notes as new or worsening neurological symptoms lasting greater than 24 hours. All efficacy outcomes were on treatment measures collected at any time point available 24 months from index date. Because of the retrospective nature of this study, no consistent measure of disability was available, therefore disability was not included in the composite efficacy measure.
Statistical analysis
Statistical analyses were conducted using SAS Version 9.4 and STATA Version 13.1. Cohen's D Multiple Sclerosis Journal-Experimental, Translational and Clinical effect size plots were created using R version 3.1.0. All two-tailed p values < 0.05 were considered as significant. For baseline characteristics and secondary outcomes, differences between groups were assessed using T-tests or Wilcoxon ranks sum tests for continuous variables, Poisson or negative binomial methods for count outcomes, and Chi-squared or Fisher's exact tests for categorical data. Multiple methods were used to assess the primary outcome (discontinuation due to any reason at 24 months) and select secondary outcomes (discontinuation due to AEs and composite efficacy measure) in order to account for imbalances between the FTY and DMF groups and evaluate the consistency of the findings. These methods included crude logistic regression, adjusted logistic regression, logistic regression on sample group 1:1 greedy matched by propensity scores without replacement, 1:2 nearest neighbor sample group matched by propensity scores with replacement, and ATT doubly robust weighting estimator using propensity scores. These methods represent different attempts to convert observational data into a pseudo-randomized control trial that are commonly employed in analyzing retrospective chart reviews. The DMT observations were matched to patients on FTY.
Propensity scores were created with a logistic regression model for probability of receiving FTY. Adjusting covariates used to create propensity scores were chosen a priori and included age, gender (female/male), disease duration, diagnosis (RRMS/secondary progressive MS/primary progressive MS), previous natalizumab use in six months prior to index (yes/no), and contrast enhancement on baseline MRI (yes/no/no MRI available). The same covariates were used for the adjusted logistic regression model for the primary outcome and select secondary outcomes. Covariates were selected to represent patient demographics, disease history, and baseline disease activity. Previous use of natalizumab in the six months prior to index date was included as a covariate to account for potential rebound disease associated with ending natalizumab treatment, which could increase odds of discontinuation if the patient or clinician does not feel the new medication is adequately efficacious.
Results
Baseline characteristics
A total of 1032 patients were evaluated for potential inclusion. Figure 1 demonstrates the identification process for each study cohort. For FTY, 440 patients initiated the approval process with their insurance company. Of these, 313 began taking the medication and 271 met the inclusion criteria for this study, which mainly concerned the potential for having been on medication for two years. For DMF, 592 patients initiated the approval process with 531 starting to take the medication and 342 meeting the inclusion criteria. Table 1 presents the baseline characteristics of each study cohort. FTY and DMF patients did not differ significantly by disease duration, gender, race or ethnicity. Notable differences between the two groups include FTY patients being more likely to have RRMS, be previously on natalizumab, have contrast-enhancing lesions on baseline MRI, and have increased disease severity according to baseline MRI as described by the neuroradiology reports. When assessing time off DMT for breaks in the study drug, one (0.4%) FTY patient and 11 (3.2%) DMF patients exceeded breaks in medication greater than one month. Table 2 shows the unadjusted discontinuation outcomes assessed in this study. Results demonstrate a greater proportion of DMF patients discontinuing the drug at 24 months or less. When assessing the reason for discontinuation, there was no significant difference between FTY and DMF patients as to disease activity, insurance issues, loss to followup, or other. The most commonly cited reasons for discontinuations that were classified as ''other'' include patient preference due to nonadherence and attempting pregnancy for both groups (as determined from patient records). However, a significant difference was observed for AEs/tolerability leading to discontinuation with 24.0% of DMF patients citing this as the primary Populations not included in the clinical trials (younger than 18 or older than 55) were examined. Patients older than 55 had proportions of discontinuations similar to the overall study cohort at 30.8% Clinicians may gain experience and alter methods in mitigating side effects as time passes after a drug comes to market. Therefore we evaluated if counseling concerning tolerability issues would result in fewer discontinuations over time. We assessed discontinuation differences for any reason among those who initiated the drug in the first half of the observation period compared to the second half to Figure 2 . Kaplan-Meier failure curve demonstrating cumulative probability of discontinuation over time. Table S5 and S6). Table S4 ). Table 4 exhibits the unadjusted and adjusted odds of DMF vs FTY for discontinuation for any reason at 24 months, discontinuation due to AEs only and the composite efficacy measure. For discontinuation for any reason, all methods of adjustment demonstrate consistent, significant results of an odds ratio (OR) ranging from 1.69 for the doubly robust estimator to 1.86 for the adjusted logistic regression, and with an OR of 1.74 for the 1:2 matching with replacement, indicating increased odds of discontinuing DMF compared to FTY. For discontinuing due to AEs, 1:1 greedy matching was the only adjustment method demonstrating increased odds of discontinuing DMF due to AEs compared to FTY (p ¼ 0.027). For the composite efficacy measure, all methods of adjustment demonstrate no significant difference between DMF and FTY. All results were consistent after removing 2.5% of patients from each end with extreme propensity scores to ensure that outliers were not greatly influencing significance.
Discontinuation outcomes
Efficacy outcomes
Adjusted outcomes
All matching and weighting methods demonstrated achieving well-balanced groups. Of the various adjustment methods used, 1:2 nearest neighbor matching had the lowest measure of effect size (Cohen's D) for covariates between the two medications and showed the greatest overlap in propensity scores, followed by ATT doubly robust weighting (Supplementary Figure S1 and S2). Table 5 identifies AEs leading to discontinuation of FTY and DMF, with the most common AE being cited as GI-related issues both for FTY (23.9%) and DMF (80.5%) patients. The second most commonly cited AE contributing to discontinuations was headaches and flushing, rashes or hot flashes for FTY (17.4%) and DMF (30.5%), respectively. FTY had a wider range of AEs affecting various systems in comparison to DMF, which were overwhelmingly GI-related issues.
AEs/Tolerability
Discussion
A critical aspect to managing MS is establishing consistent, long-term treatment with an appropriate DMT, so as to reduce risk of relapse and disability progression. This has become more challenging for patients and providers as the number of treatment options has increased with limited comparative efficacy data available. In this retrospective cohort study we addressed this gap through investigating the realworld clinical experience for patients on FTY and DMF over two years, specifically discontinuation rates and efficacy outcomes. This was achieved through analysis of a large sample size consisting of patients from a single academic center.
These results demonstrate increased odds of discontinuing DMF vs FTY at 24 months or less. Results are consistently significant using various adjustment methods, including propensity matching and weighting, with OR ranging from 1.69 to 1.86. These consistent results through multiple methods and overlapping of propensity scores between groups are suggestive of achieving balanced groups. In addition, these results confirm trends in previous real-world retrospective studies completed over shorter time periods, also demonstrating increased odds of discontinuing DMF vs FTY, but are contradictory to a claims data study showing no discontinuation differences at one year. 1921 With broader inclusion criteria and less motivation than in controlled studies, it is not surprising that this study observed a greater proportion of discontinuations for FTY and, particularly, DMF than what has been previously observed in clinical trials (FTY: 34.3% vs 32% and 18.8% in phase 3 clinical trials for 0.5 mg daily, DMF: 47% vs 30% and 31% in phase 3 clinical trials). 912 This finding highlights the importance of investigating the real-world experience following clinical trials.
Disease activity as a reason for discontinuation was similar between FTY and DMF patients at 10.0% and 11.1%, respectively, and did not appear to be a driving force in the difference observed in odds of discontinuation. Interestingly, discontinuing because of disease activity accounted for an even smaller percentage of patients in those above the age of 55, at 5.1% and 5.0% for FTY and DMF, respectively, which is consistent with a decrease in disease activity with age. 22, 23 When assessing efficacy measures for all patients, there is no significant difference between FTY and DMF in clinical relapses, MRI activity, including contrast enhancement and new T2 lesions, or the composite efficacy measure. The OR varied from 0.95 to 1.17, suggesting that if there is a difference in efficacy, this is likely small. This is not completely unexpected because of the similarity in reduction of ARR seen in phase 3 clinical trials. 24 Furthermore, a shorterterm discontinuation study demonstrated no significant difference in regards to breakthrough disease activity leading to discontinuation, and claims data demonstrated no significant difference between FTY and DMF in comparative effectiveness. 19, 21 In addition, the proportion of patients experiencing disease activity appears to be lower when compared The observed difference in the odds of discontinuation in our study was driven by AEs/tolerability, consistent with previous short-term studies, and this was the only significant difference among the reasons leading to discontinuation. 19, 20 After adjustment/matching (OR 1.411.61), these results are no longer statistically significant for three of the four methods examined.
The most common AEs/tolerability issues leading to DMF discontinuation were GI-related issues followed by flushing, rashes, and hot flashes. This is consistent with previous literature as the most common AEs associated with DMF. 9 Although the most common AE leading to discontinuation was identical for both drugs, the percentage among patients with AEs experiencing GI-related issues was much higher in DMF patients (80.5%) compared to FTY patients (23.9%) (p value < 0.0001). Previous literature demonstrated GI-related issues to be common in the first weeks of treatment of DMF specifically, therefore we expected a rapid increase in the cumulative probability of discontinuation for DMF in the first few months.
9,11 However, Figure 2 contradicts this expectation, with the largest increase in discontinuations occurring at 12 months for DMF patients. This may be due to AEs continuing past the first few months and being unable to control them after trials of multiple prevention methods, such as taking DMF with food to reduce GI-related AEs.
Previous literature has demonstrated an association between poor adherence and AEs. 2, 20 Furthermore, increased compliance has been shown to improve patient outcomes and reduce health care costs in MS patients. 5 Long-term consistent care can reduce the risk of relapse or disability progression with less time untreated and fewer delays in efficacy, which often result from switching DMTs. Therefore, DMTs with improved tolerability profiles have the potential to improve MS disease outcomes and reduce health care costs through achieving consistent long-term care.
Our study consists of a robust analysis on a large sample size similar in number to phase 3 clinical trials. Furthermore, with no age limitations and an age range from 13 to 75 years old, our results are consistent with examination of real-world data, with inclusion of pediatric patients and patients over the age of 55. This is unlike phase 3 clinical trials previously reported for FTY and DMF consisting of only patients ages 1855. In addition, our retrospective chart review design allows for the inclusion of MRI and clinical data not available through analysis of insurance claims data or reports generated from MSBase, a longitudinal, observational registry for MS researchers.
However, this study does have limitations. As a retrospective chart review cohort study, we are limited to already existing clinician-reported data and are unable to seek clarification if any inconsistencies in the patient chart arise. To avoid recall bias, particularly in the case of inconsistent patient chart notes, data were used from the chart note closest to the date of the event in question. Furthermore, while our adjustment methods do achieve well-balanced groups, there may be hidden biases that available covariates do not address. For example, the prescribing physician is not measured and adjusted for, but may have an effect on odds of discontinuation. However, we believe our adjusted methods are adequate and consistent with previous literature. Additionally, this is a single-site study. At the RMMSC at CU, clinicians counsel patients on methods for reducing tolerability issues, such as nausea, vomiting or flushing. However, the amount and type of counseling on this topic may vary at other clinics. Finally, our study does not investigate adherence or compliance, which may affect efficacy outcomes.
In conclusion, our study demonstrates lower discontinuation rates for FTY compared to DMF, and these were mainly driven by fewer AEs/tolerability issues. We expect that if there are differences in efficacy between FTY and DMF, this will become evident only in either much larger or longer studies.
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